Abstract-Intravesical instillation of xylene (30-50%) produced detrusor hyper reflexia characterized by a decrease in both the bladder capacity (time to micturition in the cystometrogram) and the urine volume in conscious rats placed in a restraining cage. At this time, the bladder tissue showed evidence of experimental cystitis with degradation of the epithelium and edema and hemorrhage in the submucosa, and a slight increase in the content of prostaglandin E2, which stimulates directly and/or indirectly capsaicin-sensitive sensory fibers. In addition, the bladder exhibited high amplitude spontaneous activity, but the bladder contractions induced by acetylcholine, substance P, prostaglandin E2 and capsaicin were not changed following intravesical instillation of xylene.
Abstract-Intravesical instillation of xylene (30-50%) produced detrusor hyper reflexia characterized by a decrease in both the bladder capacity (time to micturition in the cystometrogram) and the urine volume in conscious rats placed in a restraining cage. At this time, the bladder tissue showed evidence of experimental cystitis with degradation of the epithelium and edema and hemorrhage in the submucosa, and a slight increase in the content of prostaglandin E2, which stimulates directly and/or indirectly capsaicin-sensitive sensory fibers. In addition, the bladder exhibited high amplitude spontaneous activity, but the bladder contractions induced by acetylcholine, substance P, prostaglandin E2 and capsaicin were not changed following intravesical instillation of xylene.
In these hyperreflexic rats, atropine suppressed the amplitude of the micturition contraction and morphine increased the bladder capacity at similar doses as in sham-treated rats, while thiopental and indomethacin increased the bladder capacity at lower doses than in sham-treated rats. These findings indicated that intravesical instillation of xylene had produced detrusor hyperreflexia in conscious rats, and that the detrusor hyperreflexia is thought to be a useful model for evaluating the effect of a newly-developed agent on bladder function.
Many quantitative investigations have been carried out to develop a suitable model for physiopharmacological studies of micturition (1) (2) (3) (4) (5) (6) (7) (8) . However, most of the studies have employed anesthetics and urethral catheter ization. There is the possibility that the anes thetic agent can alter synaptic transmission, and urethral catheterization precludes any study of the synergism between bladder con traction and sphincter relaxation. To avoid these limitations, attention has been devoted to the establishment of cystometrography in a conscious rat model (9) (10) (11) . In our previous report (11), we have described cystometro graphy in conscious rats placed in a restrain ing cage, which is thought to be a useful model for evaluating the effects of drugs on bladder function.
Afferent information to initiate reflex mictu rition is generated within the bladder wall through the activation of mechanoreceptors which are in series with the muscle cells (12, 13) . Capsaicin-sensitive fibers in the rat bladder operate physiologically as mecha noreceptors to monitor the volume of fluid present and regulate micturition (14, 15) . Xylene is a well-known irritant which ac tivates the capsaicin-sensitive sensory fibers (16) . In urethane-anesthetized rats, intra vesical instillation of xylene produces experi mental cystitis characterized by long-lasting detrusor hyperreflexia and increased vascular permeability (17) .
In the present study, we tried to establish detrusor hyperreflexa induced by intravesical instillation of xylene in conscious rats placed in a restraining cage, and evaluated the ef fects of various intravenously administered drugs, which had been shown to influence bladder function in anesthetized and con scious animals (1-3, 5-8, 11), on the cys tometrogram in the xylene-treated conscious rats in comparision to those in the sham treated conscious rats.
Materials and Methods

Implantation
of catheter and intravesical instillation of xylene: Implantation of cathe ters in conscious rats was performed ac cording to the method of Yaksh et al. (9) . Male Wistar rats (weighing 250-350 g) were anesthetized with ether. The abdominal region and back of the neck were shaved, and tinc ture of iodine was applied to the skin. Through a midline incision in the abdomen, the bladder was exposed. The bladder end of a poly ethylene tube was heated to create a collar, and the tube was inserted 2-3 mm into the lumen through a small incision at the apex of the bladder dome. Then the region of the bladder immediately around the tube was ligated. The bladder was then flushed, and free flow of fluid in and out of the tube was ascertained. A trocar was passed through the abdominal muscles about 1 cm from the upper end of the incision and tunneled subcutane ously to emerge through the skin of the back of the neck. The tube was then passed through the trocar, and the abdominal muscles and skin were sutured. The rats were allowed to recover from anesthesia for about 3 hr.
The rats were placed in a restraining cage that were large enough to permit them to adjust themselves to a normal crouched posture and narrow enough to prevent front to back rotation. The bladder catheter was connected to an infusion pump, and various concentrations of xylene were infused at a rate of 55 ,ul/min over a 1-hr period under the above conditions.
The infusion rate was chosen to stimulate a diuresis value in the physiological range (3).
Cystometrography:
The rats were placed in a restraining cage, and a force-displacement transducer (T7-30-240, Orientic, Tokyo, Japan)-mounted 10-ml cap was placed for measurement of urine volume beneath the penis. The bladder catheter was connected to a pump for saline infusion and to a pressure transducer (LPU-0.1, Nihon Kohden, Tokyo, Japan) by means of a polyethylene T-tube. The whole system was filled with saline . Variations of intravesical pressure in response to the saline infusion together with the urine volume were recorded on a recorder (WR 3701, Graphtec, Tokyo, Japan). Transvesical saline infusion (55 /,,I/min) was continued until micturition occurred. After micturition, intravesical pressure was returned to a level near zero or at least lower than that recorded just before micturition, and the residual volume of saline was removed. Cystometro graphy was performed at 30 min intervals for at least 2 hr. Four parameters were obtained from each cystometrogram: the time to micturition after infusion of saline (bladder capacity), the pressure threshold, the micturi tion pressure and the resting pressure. Each test drug was administered via the tail vein using a syringe after the cystometrogram had become stable.
Histopathological examination:
The rats were killed by a blow to the back of the head and exsanguinated.
At the time of dissection, a fixed amount (approximately 0.4 ml) of 10% phosphate-buffered formalin (pH 7.2) was infused into the bladder with an injection needle, the organ then being fixed in the usual manner. The tissue was embedded in paraffin, sectioned, and stained with hematoxylin and eosin for microscopic examination.
Measurement of prostaglandin E2 by radio immunoassay: The rats were killed by a blow to the back of the head and exsanguinated. The bladders were removed, weighed and incubated with about 10 volumes of 96% ethanol in the presence of indomethacin (10 ,gig/ml) at temperatures from 2 to 10°C. The tissue was minced and sonicated twice for 30 sec (Ultrasonic Generator US 150, Nihon Seiki, Tokyo, Japan) in the above solution, again at temperatures from 2 to 10°C. After the tissue extract was centrifuged at 1000 2000xg for 10 min, the supernatant was evaporated at 50°C. The dry extract was sus pended in 1 ml of distilled water and then adjusted to pH 3.5-4.0 by addition of 1 N HCI. The extract suspension was then applied to a C-1 8 cartridge column (SEP-PAK, Waters Associates, Milford, MA, U.S.A.), which had been prepared by successive washes with 1 ml methanol and 1 ml water (at a flow rate of not more than 1 ml/2.5 min). The column was washed with 1 ml water and eluted with 0.5 ml methanol (at a flow rate of not more than 1 ml/2.5 min). The eluate was then evapo rated at 50°C. The dry extract was reconsti tuted with 1 ml of assay buffer (0.9% NaCI, 0.3% bovine r-globulin, 0.005% Triton X 100, 0.05% sodium azide, 0.01 M EDTA, 0.0255 M NaH2PO4•H2O and 0.0245 M Na2HPO4.7H2O, pH 6.8). The assay for pros taglandin E2 was performed on each extract using a prostaglandin E2 125[l] RIA kit (NEN Research Products, N. Billerca, MA, U.S.A.).
In vitro experiments: The rats were killed by a blow to the back of the head and ex sanguinated. The entire urinary bladder was removed except for the trigone. Longitudinal detrusor strips (5 mm X 2 mm) were prepared from the posterior and anterior parts of the body of the bladders. Each detrusor strip was suspended vertically in an organ bath (10 ml) at 37'C, which contained Krebs-Henseleit solution continuously bubbled with a gas mixture of 95% 02 and 5% CO2. The com position of the Krebs-Henseleit solution was 118 mM NaCI, 4.7 mM KCI, 1.18 mM KH2PO4, 1.18 mM MgSO4, 2.55 mM CaC12, 24.9 mM NaHCO3 and 11.1 mM glucose. Isometric contractions under a loading tension of 1 g were recorded with a force-displace ment transducer (T7-30-240, Orientic, Tokyo, Japan). After the strip preparation was allowed to stand for at least 1 hr, its spontaneous activity was recorded. There after, the concentration-response curves to acetylcholine, substance P or prostaglandin E2 were determined by adding different con centrations of each drug to the organ bath in the presence of indomethacin (10-5 M for 30 min), which was used to reduce spontaneous activity (1 ) .
In another series of experiments, after the strip preparation was allowed to stand for at least 1 hr, the contractile response to a maxi mally effective concentration of capsaicin (3X10-6 M) was determined in the presence of indomethacin (10-5 M for 30 min). This response is initiated by neuropeptide(s) re leased from sensory nerves and is directly related to the substance P content of the rat bladder (18) . After thorough washing of the bladder strip, the response to acetylcholine (10-3 M) was determined in the presense of indomethacin (10-5 M for 30 min). The con tractile response to capsaicin was then ex pressed as a percentage of the response to acetylcholine (10-3 M).
Drugs: The following drugs were pur chased: xylene (mixture of ortho-, meta and para-xylene; Wako, Osaka, Japan), atropine sulfate monohydrate (Wako, Osaka, Japan), thiopental sodium (Ravonal, Tanabe, Osaka, Japan), morphine hydrochloride (Dainippon, Osaka, Japan), indomethacin (Sigma, St. Louis, MO, U.S.A.), acetylcholine chloride (Ovisot, Daiichi, Tokyo, Japan), substance P (Peninsula Laboratories, Belmont, CA, U.S.A.), prostaglandin E2 (Funakoshi, Tokyo, Japan), capsaicin (Wako, Osaka, Japan). Xylene was dissolved in silicone (Shin-Etsu Chemical, Tokyo, Japan). Indomethacin was dissolved in saline containing dilute NaHCO3 (i.v.). Indomethacin, prostaglandin E2 and capsaicin were dissolved in ethanol and diluted with distilled water (in vitro). Other drugs were dissolved in saline (i.v.) or distilled water (in vitro). The intravenous administra tion volume was 1.0 ml/kg.
Statistical analysis: Experimental values were expressed as the mean±S.E. Statistical significance was analyzed by Student's t test.
Results
Effect of intravesical instillation of xylene on the cystometrogram: Following transvesi cal instillation of xylene over a 1 -hr period, transvesical infusion of saline was performed, and the cystometrogram was recorded in con scious rats placed in restraining cages. The cystometrograms showed detrusor hyper reflexia; i.e., concentration-related reductions of the time to micturition (bladder capacity) and the urine volume accompanied by an increase in the resting pressure (Fig. 1 , Table  1 ). The pressure threshold and micturition pressure were increased by instillation of silicone containing 50% concentration of xylene ( Table 1 ). The 30% concentration of xylene induced detrusor hyperreflexia during 3 hr, and then the hyperreflexia declined. Transvesical instillation of the vehicle alone (silicone) did not produce any significant changes in the parameters of the cystome 30% concentration of xylene (2-3 hr before testing) developed experimental cystitis with degradation of the epithelium and edema and hemorrhage in the submucosa (Fig. 2 , Table  2 ). The bladder content of prostaglandin E2 was slightly increased by intravesical instil lation of 30-50% concentrations of xylene (2-3 hr before testing) (Table 3) , and the bladder exhibited higher amplitude spon taneous activity than in sham-treated rats (Fig. 3) . On the other hand, intravesical in stillation of xylene (2-3 hr before testing) did not produce any significant changes in the contractile responses of the bladder strips to acetylcholine, substance P or prostaglandin E2 (Fig. 4) , nor did it change the capsaicin (3 x10-6 M) induced contraction of the blad der (Table 3) .
Effects of various drugs on the cystomet rogram in hyperreflexic rats induced by Each value represents the mean±S.E. of data from 3-7 rats. *: Significant difference from the sham treated group at P<0.05. #: No contraction was observed in bladder strips taken 4 days after sub cutaneous administration of capsaicin (25 mg/kg) , and the response of each preparation to acetylcho line (10-3 M) was 100%. xylene: Intravenous administration of various drugs was performed in hyperreflexic rats induced by intravesical instillation of a 30% concentration of xylene (2-3 hr before test ing). Atropine (0.001-0.1 mg/kg, i.v.) mark edly decreased the micturition pressure with out changing the other parameters of the cystometrogram of hyperreflexic rats at the same dose levels at which it affected sham treated rats (Table 4) . Morphine (0.03-0.1 mg/kg, i.v.) increased the bladder capacity at the same doses as in sham-treated rats (Table  4) . Thiopental (1-3 mg/kg, i.v.) and indo methacin (0.01-0.3 mg/kg, i.v.) increased the bladder capacity at lower doses than in the sham-treated rats (Table 4 ). The maximal effects of all these drugs were observed in the first cystometrogram except for indomethacin whose maximal effect was observed in the second cystometrogram (30 min later).
Discussion
Intravesical instillation of xylene (30-50%) produced detrusor hyperreflexia characterized by a decrease in both the bladder capacity and the urine volume at the same concentration as in urethane-anesthetized rats (17) . The blad der tissue showed evidence of experimental cystitis with degradation of the epithelium and edema and hemorrhage in the sub mucosa. The bladder contraction induced by acetylcholine, substance P or prostaglandin E2, and the bladder contraction induced by capsaicin, which is initiated by neuropep tide(s) released from sensory nerves (18) and is possibly an indication of the "efferent" function of the sensory nerves (17), were not changed by this instillation. Maggi et al. (17) have also reported that the prior instillation of xylene did not produce any significant changes in the response of bladder strips to field stimulation, KCI, or capsaicin and that the substance P-like immunoreactivity of rat bladder did not change. The content of pros taglandin E2, a major produce of prostanoids in the rat bladder (6, 19) , was increased in hyperreflexic rats, and the bladder exhibited high amplitude spontaneous activity. En dogenous prostanoids, produced via the cyclooxygenase pathway during fluid-in duced distension of the bladder, stimulate directly and/or indirectly (through enhance ment of the myogenic activity of bladder muscle) the afferent branch of the micturition reflex for the bladder mechanoreceptors by activating capsaicin-sensitive sensory fibers (1, 6) . Indomethacin, a well-known cyclo oxygenase inhibitor, increased bladder ca pacity in hyperreflexic rats at lower doses than in sham-treated rats. Indomethacin inhibits the micturition reflex by affecting the bladder mechanoreceptors (1, 6) . Its action could be largely ascribed to the suppression of the effects of prostanoids on the capsaicin sensitive sensory fibers, which act as bladder mechanoreceptors (6) . Therefore, we con cluded that the detrusor hyperreflexia induced by xylene might be related to the actions of prostanoids.
Atropine decreased the micturition pres sure in hyperreflexic rats at the same dose as in sham-treated rats. Morphine increased the bladder capacity in hyperreflexic rats at the same dose as in sham-treated rats. These drugs thus showed the same effects in hyper reflexic rats induced by xylene as in sham treated rats.
Thiopental increased the bladder capacity in hyperreflexic rats at lower doses than in sham-treated rats. The mechanisms of action of thiopental on bladder hyperreflexia is not clear from the present experiment, and further studies are required to clarify the above results.
In conclusion, we could establish detrusor hyperreflexia induced by intravesical instil lation of xylene in conscious rats placed in a restraining cage, and this detrusor hyper reflexia is thought to be a useful model for evaluating the effect of a newly-developed agent, which acts directly and/or indirectly on capsaicin-sensitive sensory fibers, on bladder function.
